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The objective of endodontic therapy is a thorough bio-mechanical 
preparation of the root canal system.   When properly done this results in elimination 
of necrotic debris, micro-organisms and biological remnants present within the 
confines of the root canal space. Researchers have reported that the process of bio-
mechanical preparation leaves a layer of smear on the radicular dentinal wall which 
obliterates the dentinal tubules. This interferes with the action of the irrigant 
solutions on radicular dentin and adhesion of the root canal sealers. 
The smear layer has been described as being made up of particles of sizes 
ranging from less than 0.5 to upto 1.5µm by Eick et al in 197018, which includes a 
thin layer of debris and achieves an overall thickness of 2-5µm, extending a few 
micrometers into the dentinal tubules. Mc Comb and Smith in 197539 were the first 
to describe smear layer on instrumented radicular dentinal surfaces and suggested 
that they were comprised of fragments of dentin and odontoblastic processes, pulpal 
tissue remnants, micro-organisms and their by-products. Mader et al in 198435 
described smear layer as a superficial layer and a deeper layer penetrating into the 
dentinal tubules for a depth of 40 micrometers and concluded that this was as a 
result of the cutting action of hand and rotary instrumentation procedures, which 
forces components of the smear layer into the dentinal tubules for varying distances 
forming smear plugs. The capillary action hypothesis put forward by Aktener et al 
19893 possibly explains the in depth packing of the tubules up to depths of 110µm, 
when using surface active agents within the canal during instrumentation 
procedures.  
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Smear layer can be defined as a amorphous very thin layer, composed of 
inorganic and organic substances that is present on the prepared radicular canal 
walls and occludes the orifices of dentinal tubules. It interferes with the adaptation 
of the obturating materials to the prepared root canal, prevents penetration of 
irrigants & intracanal medicaments into the dentinal tubules and the ramifications of 
the root canal space. The root canal is a complex structure where the occlusal one 
third is highly accessible, middle one third is fairly accessible and the apical one 
third being the least accessible. During bio-mechanical preparation smear layer is 
formed on the entire root canal space. It is easily removed in the occlusal and middle 
one third whereas in the apical one third it is relatively more difficult and even more 
so in curved canals, which is typically encountered in posterior teeth. Curvature of 
the apical one third, when encountered, adds another dimension of difficulty in 
access and subsequent cleansing.  The type of irrigant, depth of delivery and volume 
of the irrigant have been shown to be important parameters for removal of debris 
and microorganisms, than the method used in the apical one-third of the root canals.  
(Howard et al in 201125).  
Various microbiologic studies have pointed out the role of surviving intra-
radicular micro-organisms as a vital factor in influencing the treatment outcomes in 
endodontic therapy. They cannot only remain viable but also multiply in the smear 
layer and penetrate into the dentinal tubules. Microorganisms have been found in 
dentinal tubules as far as halfway through the root dentin of infected teeth have been 
described by Shovelton DS 196461.  
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Safavi et al 199056 has suggested that maintaining the smear layer may block 
the dentinal tubules by altering dentinal permeability. Evaluation of the effect of 
smear layer on the apical and coronal seal suggest that smear layer being a loosely 
adherent structure should be completely removed from the surface of the root canal 
as it can harbour micro-organisms and cause micro leakage. Different researchers 
have proposed reasons for and against the presence of the smear layer.  Though 
there has been an enormous amount of debate and research on the merits and 
demerits of removing the smear layer, a new mid pathway of modifying the smear, 
in such way that it becomes completely resistant to dissolution and disintegration 
has also been visualised. (A.P. Tikku et al in 201168). White et al 198776 in their 
study found that sealer penetration into dentinal tubules is enhanced by removal of 
smear layer. Diamond & Carrel 198417 proposed that the smear layer acts as a 
barrier to micro-organisms and their by-products preventing the bacterial invasion of 
the dentinal tubules. Chemicals, Sonics, Ultrasonics, Lasers, irrigants like sodium 
hypochlorite, EDTA, organic acids either individually or in combination with 
appropriate root canal preparation techniques and protocols have been advocated for 
effective smear removal.  
Chelating agents were first introduced into endodontics to aid the preparation 
of narrow and calcified root canals by Nygaard-Ostby in 1957. EDTA has been used 
as a chelating agent for negotiating difficult and curved canals. A solution of 
ethylene diaminetetra acetic acid (EDTA) was thought to chemically soften the root 
canal dentin and dissolve the smear layer, as well as to increase dentine 
permeability. Today almost all manufacturers of nickel-titanium instruments 
recommend their use as a lubricant during rotary root canal preparation. EDTA as an 
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irrigating solution has been shown to effectively remove the smear layer 
(Mohammadi Z in 201342). Cheating agents have found a definitive role in 
endodontic therapy as sodium hypochlorite used alone has been unable to remove 
the inorganic portions of the smear. A 15-17% EDTA solution has been 
recommended as a final rinse during endodontic procedures which effectively 
removes the inorganic components of the smear layer.  
Various irrigants based on other chelating agents with the aim of effectively 
removing the smear layer have been experimented with Citric acid, Etidronate 
(HEBP) and Tetracycline have been found to be effective as chelating agents. Gel 
type of formulations are also available. Naturally occurring substances like citrus 
aurantifolia extract, chitin have also been tried as chelating agents in endodontic 
therapy.  Citric acid is a weak organic acid and has been found to be commonly used 
in a 10% concentration though higher concentrations upto 50% have been tried. 
Yamaguchi et al, proposed citric acid as an endodontic irrigant. Citric acid is less 
cytotoxic to tissue compared to EDTA. Citric acid has also been shown to be 
effective on anaerobic microorganisms.  Citric acid has been modified by addition of 
an anti microbial and a surface active agent and is commercially available as irrigant 
preparations for purpose of a final rinse solution which offer the added advantage of 
increased penetration and substantivity. (Torabinejad M et al in 200370) 
HEBP or hydroxyethylidene bisphosphonate is a drug used systemically in 
the treatment of diseases like osteoporosis and pagets. This is a weak chelator and 
has got fewer effects on the dentinal structure. This has the added advantage of not 
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interfering with the antimicrobial property of sodium hypochlorite when in solution. 
(Tartari T et al in 200366) 
Chitosan is derived from chitin and is a natural polysaccharide 
biodegradable, biocompatible with human cells. It is abundantly found in nature and 
has a high chelating capacity. (Silva  P V in 201364) 
Inositol hexaphosphate is a naturally occurring compound first identified in 
1855. It is found in substantial amounts in whole grains, cereals, legumes, nuts, and 
seeds, and is the primary energy source for the germinating plants. IP6 and its lower 
phosphorylated forms are also found in most mammalian cells, where they assist in 
regulating a variety of important cellular functions. IP6 has excellent properties of 
chelation and functions as an antioxidant by chelating divalent cations such as 
copper, iron etc., preventing the generation of reactive oxygen species responsible 
for cell injury and carcinogenesis. IP6 also has other actions which include anti-
platelet aggregating and lipid-lowering effect, inhibition of HIV-1 virus replication, 
modulation of insulin secretion in pancreatic beta cells, and inhibition of urinary 
calcium oxalate crystallization, thereby preventing renal stone development. Animal 
studies have shown that IP6 is safe when administered in high does and for long 
periods of time. It has found a role as implant coatings for magnesium alloy where it 
improves corrosion resistance and stimulates new bone formation. It is also known 
as myo-inositol hexaphosphate and phytic acid (IP6). (Muhammad Ali  in 201043). 
This study aims to compare the efficacy of smear layer removal of phytic 
acid (IP6) on surface of radicular dentin at the coronal, middle and apical third of the 
root canal when used as a final rinse in endodontic procedures. 
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Prosser et al in 198352 evaluated the properties of aluminosilicate-phytic 
acid cements for use in dentistry.  This was one of the earliest attempts to use this 
acid for dental applications. The investigators proved the resultant cement to be very 
fast-setting and resistant to acid attack. They also observed that it had the ability to 
bond to enamel, but not to dentin. 
Baumgartner et al in 19845 in his in-vitro study using a scanning electron 
microscope plus rank-ordered scoring system evaluated statistically the amount of 
superficial debris and the smeared layer that remained on the canal wall following 
root canal preparation with six different debridement regimens. Citric acid or a 
combination of NaOCl and citric acid for irrigation were better than NaOCl alone as 
a irrigant in smear removal from the prepared radicular dentinal walls. 
Ernst et al in 198719 evaluated the role of phytic acid as a anti-oxidant.  
They observe that it is a abundant plant constituent comprising 1-5% by weight             
of edible legumes, cereals, oil seeds, pollens and nuts. They observe high 
concentrations of phytic acid prevent browning and putrefaction of various fruits 
and vegetables by inhibiting polyphenol oxidase.  It also plays a very strong role as a 
anti-oxidant in seeds during dormancy and has got the potential to replace currently 
used preservatives, which are harmful to health.  By chelation with iron it reduces 
lipid peroxidation.  They observe that of all the readily available iron chelators only 
phytic acid seems to have the potential as a efficient, non-toxic preservative for food 
based applications and is already being manufactured in large scale quantities. 
Fox C.HG. and Eberl M in 200220 in their systematic review of phytic acid 
as a novel broad spectrum anti-neoplastic agent obsesrve that there is enough 
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evidence to justify the initiation of phase I and phase II clinical trials in humans. The 
vast amount of animal studies which have been conducted show that phytic acid 
may have a role in both the prevention and treatment of many forms of neoplastic 
leisions.  
This is promoted as a anti cancer agent in health food stores and is naturally 
found in legumes, wheatbran and soy foods.  The potential mechanisms of actions 
include gene alteration, anti-oxidant property, and enhanced immune effects. They 
also note the need to establish the safety of phytic acid at therapeutic doses and 
recommend human trials.  
 MTAD was evaluated in a in-vitro setting for smear removal ability 
(Mixture of Tetracycline isomer, an Acid and a Detergent) by Torabinejad et al in 
200370 when used as a final rinse during irrigation protocols on the surface of 
instrumented canals. They concluded that the mixture was an effective solution for 
the removal of the smear layer. The structure of dentinal tubules are not altered 
when the canals are irrigated initially with sodium hypochlorite followed by a final 
rinse of MTAD. MTAD was found to be less destructive to radicular dentinal 
surface when compared to 17% EDTA used as a final irrigant. Cotton wrapped 
broaches were found to be more effective and less abrasive than similar instruments 
covered with bristles or foams. They also emphasized and observed the need for 
correct efficient delivery of irrigating solutions to the apical third of the root canal 
for effective smear removal. 
The effect of various concentrations of sodium hypochlorite as an intra canal 
irrigant on the ability of MTAD to remove the smear layer from the canal walls was 
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evaluated by Torabinejad et al in 200371
.
 MTAD was used as a final rinse, to 
remove the smear layer. The effectiveness of MTAD to completely remove the 
smear layer is enhanced when low concentration of sodium hypochlorite are used as 
a root canal irrigant before use of MTAD as a final rinse. They observed that though 
MTAD removes most of the smear layer when used as an intracanal irrigant some of 
the remnants of the organic component of the smear layer remain scattered on the 
surface of the root canal walls. The authors suggested the use of 1.3% sodium 
hypochlorite during instrumentation because of decreased toxicity and adverse 
reactions and no significant differences were observed between the various 
concentrations of sodium hypochlorite with MTAD as final rinse in the removal of 
smear layer. 
The cancer inhibition property of phytic acid also known as inositol 
hexaphosphate (IP6) has been evaluated extensively both in-vitro and in-vivo and 
has been reviewed by Vucenik I et al in 200375.   They note that as hypothesized 
IP6 is a broad spectrum anti-neoplastic agent affecting different cells and systems 
based on various studies conducted on the same.  They observe that it is safe as it is 
a normal dietary component and does not affect normal cells. It acts synergistically 
with normal cancer chemotherapeutics.  It affects the principal pathways of 
malignancy such as proliferation, cell cycle progression, metastasis and invasion, 
angiogenesis and apoptosis and acts on all of these pathways. This can also be used 
for cancer prevention due to its anti-oxidant property, carcinogen blocking property 
and anti-proliferative property. It has many other benefits and biological effects 
when administered as a sodium salt, preventing kidney stones, cardiac disease, 
hypercholesterolaemia, hyperlipidaemia and diabetes.  Combination with inositol 
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has been found to be beneficial and the authors suggests this be established  phase I 
and phase II clinical trials in humans. 
The effect of EDTA, CDTA (1,2,Cyclohexane Diamine Tetra Acetic acid), 
EGTA (Ethylene Glycol Tetra Acetic acid) and citric acid on the de-mineralization 
of  radicular dentin in a in-vitro setting studied by  Galvao et al in 2005 22   and  
concluded that 1% citric acid solution was most effective for radicular dentin 
calcium ion extraction. They also observed that citric acid at neutral pH did not 
significantly change the calcium content of radicular dentin. Lower concentrations 
of EDTA and EGTA were found to be more effective than CDTA. 1% EDTA and 
1% EGTA had a similar demineralization effect. They recommended the use of 
combinations of solutions of sodium hypochlorite and decalcifying agents because 
no single irrigating solution is capable of removing both the organic pulpal material 
and predentin as well as demineralizing the inorganic portions of the radicular 
dentin. They suggest that the acidity of these solutions could be removed by final 
flushing with distilled water or saline, control of exposure time and subsequent use 
of calcium hydroxide sealers. 
Vuecenik I and Shamsuddin M in 200574 in their discussion of the role of 
inositol and IP6 in cancer prevention and therapy observe that emerging clinical data 
suggests the role it plays as a adjuvant or as a alternative to current chemotherapy 
for neoplastic leisions, based on a vast amount of clinical and laboratory data. In 
addition they also note that this combination has a great potential for prevention of 
kidney stones, manage complications of diabetes and atheroslerotic cardiovascular 
disease which are ailments that are prevalent throughout the world. They also 
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observe that no negative effects have been reported and have been in effective in 
handling a wide variety of  diseases and conditions successfully. 
Giardino et al in 200680 studied the surface tension of two antibiotic based 
root canal irrigant solutions (MTAD and Tetraclean) with the commonly used root 
canal irrigants. (17% EDTA, Cetrexidin, cetrimide and chlorhexidine), smear clear 
(17% EDTA plus Tween 80) and 5.25% sodium hypochlorite. Distilled water was 
used as a control. They found that Tetraclean had the lowest surface tension and that  
both MTAD and Tetraclean were capable of removing the radicular smear layer due 
to the low surface tension which increases the surface area of contact of the irrigant 
solutions with the dentinal walls. This in turn permits deeper penetration of the 
irrigant in to the tubules increasing anti-microbial efficacy and removal of smear. 
The radicular smear layer removal by Scanning electron microscope and 
chelated calcium ion quantification by atomic absorption spectrometry of three 
irrigating solutions was evaluatd by Marques A.A.F et al in 200638 studied in an  
in-vitro setting. 17% EDTAC (Ethylene Diamine Tetra Acetic acid with cetrimide) 
and 17% CDTA (1,2,CyclohexaneDiamine Tetra Acetic acid) was found to have 
significantly less smear layer throughout the canals than 17% EGTA (Ethylene 
Glycol Tetra Acetic acid). EDTAC and CDTA had greater amount of calcium ions 
compared to EGTA. He suggested combining both the methodologies of analysis 
may contribute to understanding how these solutions act in the root canal, and to 
determine what volume should be used to remove smear layer from all the canal 
walls. The three irrigating solution were effective in smear removal in all thirds of 
the root canal. The efficacy of EGTA could be enhanced by increasing the pH of the 
irrigant solution.  
Review of Literature 
 
 
11 
 
Perez H M et al in 200646 compared the effectiveness of different acid 
irrigating solutions after hand and rotary instrumentation for canal cleanliness in an 
in-vitro setting and observed that 2.5% sodium hypochlorite did not remove smear 
layer or debris. No significant differences in debris were observed between manual 
and rotary instrumentation techniques. Acid solutions used for irrigation were 15% 
citric acid, 15% Ethylene Diaminetetraacetic acid, and 5% orthophosphoric acid. 
When the  acid solutions were used with 2.5% sodium hypochlorite alternatively 
during preparation and 2.5% sodium hypochlorite as a final rinse post 
instrumentation procedures, smear layer and debris were effectively eliminated. 
There was no statistically significant differences in smear layer removal between 
techniques used in this study. 
Giardino et al in 200781 in their invitro study compared the effect of 
irrigants sodium hypochlorite, MTAD and tetraclean against E-faecalis biofilm. 
5.25% sodium hypochlorite seems to be able to remove completely the biofilm 
organized on the membrane surface. MTAD and tetraclean seems to cause a better 
action and took 30 to 60 minutes to eliminate biofilms which is way too long for 
clinical use.  Tetraclean causes a valid reduction in bacteria after 5 minutes. They 
recommended further studies to clearly understand the correct action and the correct 
sequence of different irrigants used in the root canal for their antimicrobial activity 
against the microorganisms both in planktonic phase organized in biofilm on the 
surface of the root canal wall or inside the structure of the  dentinal tubules. 
The extent of calcium removal on root canal dentin surface after 17% EDTA 
(Ethylene Diamine Tetra Acetic acid), 17% EGTA (Ethylene Glycol Tetra Acetic 
acid), 15% EDTAC (Ethylene Diamine Tetra Acetic acid with cetrimide) and 1% 
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tetracycline hydrochloride treatment with or without the subsequent use of 2.5% 
sodium hypochlorite in a in-vitro setting was evaluated by Sayin et al in 200757.            
17% EDTA and 2.5% sodium hypochlorite resulted in the maximum amount of 
calcium removal from the root canal dentin. They also observed that regardless of 
treatment time all single treatment solutions and combined solution removed 
significantly more calcium than distilled water (control). The authors recommend 
further studies on the effect of such calcium removal on the adhesion of endodontic 
sealers and adhesive cements, as also the effect of calcium removal on the micro 
hardness of dentin. 
In a in-vitro study of the microporous, demineralised collagen matrices in 
radicular dentin as a result of the use of common calcium depleting endodontic 
irrigants, Tay et al in 200767 observed that it is difficult to simultaneously remove 
smear layer and render dentinal tubules patent without demineralising dentin. The 
presentation of a demineralised collagen matrix might be viewed as a consequence 
of use of calcium depleting irrigants as final rinses during endodontic therapy. 
Smear layer removing endodontic irrigants (EDTA and Biopure MTAD) were 
evaluated in this study. These collagen matrices have a role in the bonding of sealer 
to canal walls, and effective distribution of stresses. The authors also suggest the use 
of remineralising sealers like MTA. 
Khedmat & Shokubinejad et al in 200830 in their study on the smear layer 
removal by three chelating agents observed that the protocols used in this study were 
not sufficient to completely remove the smear layer in the apical third of the 
radicular dentin. They also noted that that there was no significant difference in 
smear removal by adding surfactants to the irrigant solutions. 
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The smear layer removal and erosion in apical intraradicular dentin with 
three irrigating solutions was studied by using Scanning Electron Microscope in a 
in-vitro setting by Mancini et al in 200936.  They concluded that application of 1ml 
of MTAD, 17% EDTA, 42% Citric acid or 5.25% sodium hypochlorite for 1minute 
followed by 3ml of 5.25% sodium hypochlorite is insufficient to completely remove 
the smear layer in the apical third of root canal system. 
Bronnec F et al in 20107 in a ex-vivo study evaluated the efficacy of irrigant 
penetration into curved canals. The authors concluded that the variables 'apical 
taper', 'volume of irrigant used', 'corono-apical level of needle tip placement', and 
'needle tip design' influenced on outcome of irrigation penetration. The authors 
concluded that only active irrigation allowed total penetration and irrigant exchange. 
For syringe irrigation alone, the depth of placement of the needle tip in the root 
canal was the most dominating factor. 
Haapsaalo M et al in 201022 have reviewed various irrigation protocols in 
endodontic procedures and has discussed the irrigants, their interactions, and 
protocols for combining them effectively.  They have dealt with the chelating agents 
used as irrigants and emphasised a detailed understanding of the mode of action of 
various solutions for effective and optimal irrigation. They also discussed various 
devices used for irrigation procedures which are safer and prevent the extrusion of 
the irrigant from within the confines of the canal system.  
The effect of the influence of the final rinse technique on the ability of 17% 
EDTA (Ethylene Diamine Tetra acetic Acid) on the removal of smear layer was 
evaluated by Mello et al in 201038 in an in-vitro study. They concluded that a 
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continuous three minute rinse of 5ml of 17% EDTA can effectively remove smear 
layer from all areas of root canals. They recommended the use of the decalcifying 
agent EDTA as a final rinse with the aim of effectively removing the radicular smear 
layer.  The volume of EDTA and the duration of exposure used in this study did not 
cause significant undesired alteration in the radicular dentinal structure. 
In a review of phytic acid Muhammed et al in 201043 observe that this is a 
major storage form of phosphorus. This article views the current state of 
understanding of phytic acid focussing on the current and future needs and interests 
in the field of science. They note that this naturally occurring acid has got excellent 
chelating and anti oxidant properties.  Phytases are enzymes which break down 
phytic acid. They discuss the discovery of inositol phosphates and recommend 
further investigations into these signalling molecules, in plants animals and humans 
to trace their full expression. They have also discussed the role of phytic acid in 
maintenance of the normal physiologic functions in plants, animals and humans.  
Pargolia et al in 201151 in a ex-vivo setting compared the smear layer 
removal ablility of four different final rinse protocols and concluded that the use of a 
chelating agent resulted in a higher amount of smear removal from the radicular 
dentinal surface. The addition of a surfactant did not specifically improve the 
penetration of the irrigant in the case of Tetraclean particularly in the apical one 
third of the root. The authors made a null hypothesis that there was no difference 
between the four different final rinse protocols. They used a volume of 3 ml of the 
irrigant solution and note that different application times might yield different 
results. The irrigants solutions used for the final rinse were 5% sodium hypochlorite, 
17% EDTA, and tetraclean with or without doxycycline. The results were analysed 
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using a scanning electron microscope. The authors observe that the removal of the 
smear was more efficient in the coronal and middle thirds than in the apical third of 
the root. The volume of the irrigant reaching the apex might have a direct bearing on 
the effective removal of the smear and they recommend using activation devices for 
the apical third after sufficient enlargement. They also note that whenever a 
antibiotic is included as a part of a irrigant a possibility of developing resistance to 
the drug exists and therefore could be used with discretion. 
Al-Ali M et al in 20122 evaluated the smear layer and debris removal 
effectiveness of four root canal irrigation protocols and efficiency in removing 
remaining soft tissues in curved root canals in a invitro study. They concluded that 
the use of sodium hypochlorite in conjunction with hydrogen peroxide was effective 
in removing soft tissue debris from the apical third of the canals and that canal 
brushes were as effective as PUI in removal of smear and debris. The further 
recommended studies taking the volume of the irrigant and the configuration of the 
canal systems using these irrigation regimens. 
Violich D. R. & N. P. Chandler in 201072 in a review of smear layer 
observe that root canal instrumentation produces a layer of organic and inorganic 
material called the smear layer. It also contains microorganisms and their by-
products. Penetration of intracanal medicaments into dentinal tubules is 
compromised and influences the adaptation of filling materials to canal walls. The 
authors reviewed 1277 articles, and for both smear layer dentin and smear layer root 
canal reviewed 1455 publications. A search on smear layer endodontics revealed 
408 papers. Potentially relevant material was also sought in contemporary 
endodontic texts, whilst older books revealed historic information and primary 
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research not found electronically, such that this paper does not represent a 'classical' 
review. Data obtained suggests that smear layer removal should enhance canal 
disinfection. Current methods of smear removal none of which are totally effective 
throughout the length of all canals or are universally accepted. If smear is to be 
removed, the method of choice seems to be the alternate use of ethylene 
diaminetetra acetic acid and sodium hypochlorite solutions. Conflict remains 
regarding the removal of the smear layer before filling root canals, with further 
investigations required to ascertain the role of the smear layer in the outcomes of 
endodontic therapy. 
The effect of Q Mix removal of canal wall smear layer and debris was 
evaluated by Dai et al in 201116 in an invitro setting.  QMix is an experimental 
antibacterial root canal irrigant based on a combination of a anti-microbial, a 
chelating agent an a surfactant. QMix used in this study was a experimental mixture 
of bis-biguanide (antimicrobial agent) a polyamino carboxylic acid (calcium 
chelating agent) and a surfactant. Two versions of QMix with a pH of 8.0 and 7.5 
were used in this study.  They found that the apical third of the root canal is the most 
difficult to clean and concluded that both the versions of QMix were as effective as 
EDTA in smear layer removal from the radicular dentin. They also found that 
similar to Biopure MTAD and EDTA these QMix versions were ineffective in 
cleansing debris completely from the root canal spaces when the corresponding 
irrigant was delivered via the insertion of a side vent needle within 1mm of the 
apical constriction. They also suggested future evaluation of debris removal in a 
closed canal system in conjunction with sonic or ultrasonic activation or devices 
using an apical negative pressure approach.  
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The effectiveness of debris removal in a invitro setting  with three different 
irrigation techniques i.e., the Endovac, Piezoflow or needle irrigation (Max-I-probe) 
was evaluated by Howard R K et al in 201125 in mesial roots of mandibular molars. 
The authors conclude that the irrigation technique evaluated with similar volumes of 
irrigant will significantly improve the canal and isthumus cleanliness and suggested 
that their results support previous studies that show the depth and volume of 
irrigation to be important factors. This helps efficient removal of debris and 
microorganisms more than the method used. None of the techniques used in this 
study removed all the debris from the canal and isthmuses. 
The efficacy of different final irrigation activation techniques on radicular 
smear layer was evaluated by Saber S D et al in 201155 in an in-vitro setting in 
straight canals. The irrigation techniques used were passive irrigation, apical 
negative pressure irrigation (Endovac), manual dynamic activation, and passive 
ultrasonic irrigation.   Apical negative pressure irrigation presented with statistically 
significant least smear scores. They concluded that apical negative pressure and 
manual dynamic activation resulted in better removal of smear layer than with 
passive ultrasonic irrigation and passive irrigation. The evaluation was done invitro 
using a scanning electron microscopic analysis. The irrigant solutions used were 
2.5% sodium hypochlorite as initial rinse and 17% ethylene diamine tetraacetic acid 
(EDTA) as a final rinse solution.  
Stojicic S et al in 201263 assessed in a laboratory experimental model the 
efficacy of a novel root canal irrigant, QMiX in its ability to remove smear layer as 
also its action against Enterococcus faecalis and mixed plaque bacteria in planktonic 
phase and biofilms. The authors concluded that ability to remove smear layer by 
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QMiX was comparable to EDTA. QMiX and NaOCl were superior to CHX and 
MTAD under laboratory conditions in killing E. faecalis and plaque bacteria in 
planktonic and biofilm culture.  
Bolhari  B et al in 20128 evaluated the efficacy of citrus aurantifolia extract 
on smear removal in root canals. The lime juice extract was compared with EDTA 
in different concentrations. Lime juice contains 88% water, 6-8% citric acid, 2% 
potassium citrate and calcium, 0.4-0.6% and other substances. Because citrus 
aurantifolia extract has citric acid, it is able to remove the smear layer and open the 
dentinal tubules. The authors used a completed and a alcoholic extract of citrus 
aurantifolia.   Based on the results of this study the authors conclude that the extracts 
of citrus aurantifolia were unable totally remove the smear from the canals and that 
17% EDTA was superior and efficient at smear removal. 
The antimicrobial and the smear removal ability of plant extracts were 
evaluated by Costa EM et al in 201214 as an in-vitro study. Aroeira-da-praia and 
Quixabeira extracts used for this study and the anti-microbial action was evaluated 
against Enterococcus faecalis with agar well diffusion method. The extracts were 
prepared at a concentration of 50% and a 3 ml volume was used during initial 
instrumentation.  Quixabeira solution presented the best results in the apical one 
third of the root canal in terms of smear layer removal. 17% EDTA and 5% NaOCl 
presented the least removal of smear in the apical one third. The authors concluded 
that all extract solutions presented antimicrobial activity against Enterococcus 
faecalis and none of the solutions tested were able to completely remove the smear 
the smear in the apical thirds of the root canal system. They also observed that there 
was a greater accumulation of smear in the apical one third. 
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The effect of various irrigating solutions on intra-radicular dentinal surfaces 
were evaluated in-vitro by Karunakaran J V et al in 201228 using scanning 
electron microscopy. Normal saline, de-ionised water, 17% EDTA, 5% sodium 
hypochlorite with and without ultrasonic agitation, 3% hydrogen peroxide, 2% 
chlorhexidine, MTAD with and without ultrasonic agitation were the irrigants with 
the respective agitation protocols. The authors observed that within the limitations of 
this study none of the irrigants were able to achieve a totally clean dentinal surface. 
The action of these irrigants on the dentinal surface was enhanced by ultrasonic 
agitation of the irrigant. They also observed that the pattern of surface alteration 
varies for each irrigant solution and these changes may have a negative or positive 
impact on the bonding characteristics of radicular dentinal surface. 
 In an in-vitro study of the effect of ethylenediaminetetraacetic acid, MTAD 
and etidronate (HEBP) on microhardness of dentin by Dinesh kumar M K et al in 
201279  the  use of  etidronate within the limitations of this study was promising for 
use in root canal irrigation protocols. They recommend further studies to assess the 
depth of demineralization of dentin and the sealing ability of various sealers when 
HEBP was used. The study observed that 5% citric acid and MTAD had more 
demineralization kinetics in comparison to 17% EDTA. The depth of penetration of 
MTAD was 8-12 micrometers while 17% ethylene diaminetetraacetic acid 
penetrated only 2-4 micrometers. HEBP treated dentin showed the highest 
microhardness and had the least impact on the dentin microhardness.  
Hashmenia et al in 201226 in a comparative  invitro study evaluated the 
smear removal ability of two endodontic irrigants and Nd:YAG laser. The laser used 
was an optical fiber to reach the apical one third (300um) and had a exposure time of 
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40 seconds. 5% maleic acid and 17% EDTA were the other irrigants tried. The 
irrigant volume was 5 ml and the exposure time was five minutes. The results of this 
study indicate that there was no statistical significance between the irrigants 17% 
EDTA and 5% maleic acid. The authors observe that comparison between lasers and 
solutions for smear may not be appropriate as solutions dissolve smear but lasers 
melts,vaporize and re-crystallize smear.  The laser used was less effective in 
removal of smear when compared to the irrigants and was statistically significant. 
The coronal and middle thirds were cleaner than the apical third among the groups 
in this study. 
Linan F.H. et al in 201232 in their invitro study of erosion caused by EDTA 
on the radicular dentinal surface observe that the chelating agent not only removes 
debris efficiently but also erodes the radicular dentin through dmineralization 
process resulting in excessive opening of the tubules leading to compromised seal of 
the radicular filling. They note that this leads to bacterial ingress and histic fluid 
filtration which ultimately leads to failure of endodontic therapy. They used 17% 
EDTA in their study and concluded that it altered the morphology of the canal walls 
and even with a exposure time of one minute it presented considerable erosion in the 
middle and apical thirds. This study reports erosion in the apical third which is as 
high as 57.5% and the authors suggest a exposure time of not more than one minute 
for the irrigant which they feel is more than sufficient for effective debris removal 
and preventing erosion of the dentinal tubules.         
 In a ex-vivo study Lofti M et al in 201233 analyzed the actions of MTAD on 
smear removal on radicular dentinal surface when used as a final rinse. The results 
were analyzed using a scanning electron microscope. The initial rinse was 1.3% 
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sodium hypochlorite with a exposure and instrumentation time of 10 minutes. The 
authors concluded that under the conditions of this study when 1.3% sodium 
hypochlorite was used as a initial rinse with instrumentation time of 10 minutes 
MTAD protocol of final rinse is not sufficient to remove the smear layer from the 
canals walls. The authors also observed that the use of 5.25% sodium hypochlorite 
and 17% ethylene diaminetetraacetic acid was more effective at smear removal.  
 Mattiloli-Belmonte et al in 201237 in their evaluation of an automated 
system for root canal irrigation using a scanning electron microscope found that this 
method provides good canal cleaning ability irrespective of the root canal 
morphology.  This system avoids classic endodontic irrigants and used enzymatic 
solutions to flow simultaneously inside the tooth effectively cleaning the inorganic 
and organic components.  The difference between the input and output pressure was 
used to decide the intensity of turbulence and the amount of contact of the solution 
with the root canal tissues. This method is a modified and improved version of 
Lussi’s method of root canal irrigation put forward in 1993. 
Mohammadi Z et al in 201241 in their review of MTAD observe that 
microorganisms have a role in the initiation and progression of pulp and periapical 
pathosis and has been well documented. The primary objective in endodontic 
therapy is to disinfect the entire root canal system. The complex anatomy of the root 
canal system, limits the proper cleaning and elimination of microorganisms. An 
appropriate antimicrobial irrigant is needed to decrease the microbial load, 
especially in necrotic and retreatment cases.  Although there is no general consensus 
on removal of the smear layer, it seems that removing it enhances the sealing ability 
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of the root canal filling.  MTAD has been proposed as an endodontic irrigant with 
both antibacterial and smear layer removal abilities.  
Pimenta J A et al in 201247 evaluated the effect of 0.2% chitosan, 15% 
EDTA and 10% citric acid on the microhardness of root dentin and concluded that 
the reduction in the micro hardness achieved by the three solutions were not of 
statistical significance.  All the three solutions effectively removed smear from the 
middle thirds of the root canal. Although chitosan 0.2% was prepared using acetic 
acid solution 1% the role of acetic acid in smear removal has been shown to be 
negligible and the reduction in micro hardness is due to chitin alone. The exposure 
time for the irrigants in this study was 5 minutes. 
Poggio C et al in 201248 compared four different irrigating solutions for 
their decalcifiying capability on root canal dentin invitro. The irrigating solutions 
used were tubliclean, tetraclean, 17%EDTA and largal ultra. The calcium extraction 
was assessed using spectrometry.  They found that the calcium extraction was 
maximum at 10 minutes and tetraclean was most efficient in decalcifiying the 
dentin.  The authors recommend use of tetraclean in bio-instrumentation procedures. 
Silva P V et al in 201364  in a invitro study evaluated the effects of chitosan 
at different concentrations on the removal of the smear layer and on dentin. In the 
present study, the volume of chitosan (pH 3.2) used in the final irrigation was 
standardized at 5 mL for 3 and 5 min. Among the solutions applied for 3 min, the 
results of this study indicate that 2% chitosan was the most efficient for removing 
the smear layer and smear plug with minimal erosive effect. This result suggests the 
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use of 0.2% chitosan as a possible alternative to replace EDTA during irrigation 
procedures as a final rinse. 
Ye.C.H. et al in 201277 in their invitro study of corrosion and bio-
compatibiliy of phytic acid modified WE43 magnesium alloy concluded that phytic 
acid improves the corrosion resistance, cytotoxicity and biocompatibility of the 
magnesium alloy. On immersion of the alloy in the solution of phytic acid, the 
process of chelation takes place and the magnesium ion binds with the phytic acid 
ion to form phytic-mg phytate complex on the surface. Currently this alloy is used in 
bio-degradable implant applications.  
Cehreli ZC in 201312 studied the effect of different irrigation regimens 
elimination of smear and erosion in laboratory and clinical conditions. The 
investigators concluded regardless of the irrigation system, the use of NaOCl alone 
failed to remove radicular smear layer. Where a combination of sodium hypochlorite 
and 17% EDTA were used, smear was partially or completely eliminated but was 
not statistically significant. They also recommend the use of EDTA as a final rinse 
regardless of the technique used. 
  Mohammadi Z et al in 201342 reviewed the role of ethylene diaminetetra 
acetic acid (EDTA) in endodontics and observe that EDTA has a strong chelating 
action by which it can bind to metals via four carboxyl groups and two amine 
groups. It is available as several salts. The authors note that it reduces dentin 
microhardness, reacts with chlorhexidine solution, are fairly biocompatible and 
cause decalcification when forced beyond the apex and interferes with the adhesion 
of the root canal sealer. 
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Nassar M et al in 201344 aimed to evaluate the effect of phytic acid (IP6), as 
a etchant, on resin-dentin bond strength, smear layer removal, and the viability of 
pulpal cells. 37% phosphoric acid was used as a control.  The effectiveness of IP6 to 
remove the smear layer was observed using scanning electron microscopy. Cell 
viability after exposure to the acid solutions was measured using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The 
investigators noted that Phytic acid effectively removed the smear layer and dentinal 
plugs, thus exposing the collagen, and had a minimal effect on pulpal cells, whereas 
exposure to phosphoric acid resulted in a marked decrease in their viability. 
Silva P V et al in 201364 evaluated the efficacy of smear layer removal using 
chitosan compared with different chelating agents. They later quantified by atomic 
absorption spectrophotometry with flame (AASF), the concentration of calcium ions 
in these solutions after irrigation protocol. The solutions used in the study were15% 
EDTA, 0.2% chitosan, 10% citric acid, 1% acetic acid and control (without final 
irrigation). They concluded that 15% EDTA and 0.2% chitosan were associated with 
the greatest effect on root dentine demineralization, followed by 10% citric acid and 
1% acetic acid. The smear layer from the middle and apical thirds of the root canal 
was effectively removed by15% EDTA, 0.2% chitosan and 10% citric acid.  
Tartari T et al in 200366 evaluated a new weak chelator for endodontic 
therapy. They compared the effects of different irrigation regimens with etidronate 
on the radicular dentin microhardness in a invitro setting. The irrigants used in this 
study were Sodium hypochlorite 2.5% and 5.0%, 17% EDTA, 10% citric acid, 8% 
HEBP, AND 18% hydroxyehylidene bisphosphonate (HEBP). On analysis of the 
results they concluded that except normal saline all the irritants used in the study 
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reduced the microhardness of the human radicular dentin. The effect of etidronate 
was a weak chelation effect and the effect of the irrigant on the microhardness was 
minimal. The decrease in hardness was directly proportional to the chelating effect 
of the irrigant solutions.  They also observed that despite the structural differences in 
the radicular portions of teeth used for the study when subjected to the same 
irrigation protocol the radicular thirds behaved consistently in a similar manner. The 
authors recommend more studies to evaluate the effect of the irrigation regimes on 
the radicular dentin, and also to assess the effect of these protocols on the adhesion 
of micro-organisms and sealers. 
Tomov G et al in 201369 reported a case of accidental citric acid (40%) 
injection into soft tissues during root canal irrigation procedure. The patient 
experienced pain, swelling in the right mandible, paraesthesia of the right lower lip 
and regional necrosis of the buccal mucosa. Six months after the accident, complete 
rebound of sensation was noted without any symptoms from the affected region.  
The patient was reassured and given analgesics and antibiotics immediately after the 
incident. Follow-up visits were scheduled to monitor the case. When symptoms of 
swelling and pain resolved, completion of endodontic treatment was decided. A 
perforating defect was considered responsible for the citric acid extrusion.  
Ashraf et al in 20144 evaluated two chelating agents and a LASER  in their 
ability to remove smear layer in the apical third of the root canals in a invitro setting 
and observed that within the limitations of this study EDTA was more effective in 
smear removal from radicular dentin as compared  to laser and etidronate.  
Etidronate is a drug used for therapy in handling osteoclastic bone diseases such as 
osteoporosis, paget’s disease, and hypercalcaemia associated with malignancies. It 
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has been tried as a alternative chelator due to fewer side effects on the dentinal 
structure. This has the added advantage of being mixed with sodium hypochlorite 
without interference in the anti-bacterial action. They also observe that etidronate is 
a weak chelator and takes a long time for removal of the smear layer. 
Ahmetoglu F et al in 20141 in their SEM study on the effectiveness of 
different irrigation systems on removal of smear from the canal walls concluded that 
EDTA a chelating agent should be used regardless of the system used as a final rinse 
for effective smear removal. They also found negative pressure irrigation very 
effective for removal of smear especially in the apical third of the canal. 
Nevertheless it did not totally remove the smear from the apical portion, but better 
compared to other systems.  The authors evaluated the endovac system, PUI system 
and the traditional method of irrigation. The irrigants used were sodium hypochlorite 
or a combination of sodium hypochlorite and EDTA. 
Chen Y et al in 201413 in their study of phytic acid coatings for magnesium 
alloy with implant applications employed chemical conversion, alternating dip-
coating methods to anchor and deposit an Mg ion-integrated phytic acid (Mg-PA) 
coating on Mg, which is intended to be corrosion-controlling and compatible with 
bone. The authors found that phytic acid molecules were covalently bonded with 
chemically converted Mg(OH)2 base layer, as also additional phytic acid  molecules 
were deposited subsequently via chelating reactions with the help of additive Mg 
ions. The covalent immobilization and the Mg ion-supported chelating deposition 
contribute to a dense and homogeneous protective Mg-PA coating, which guarantees 
an improved corrosion resistance and decreased degradation rate. Moreover, the Mg-
PA coating was compatible with bone and promoted not only bioactivity of bonelike 
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apatite precipitation, and induced osteoblasts adhesion and subsequent proliferation. 
This is due to the nature of phytic acid molecule and the biocompatible Mg ion, both 
of which mimic partly the compositional structure of bone and is suitable for 
biodegradable bone implant applications. 
Gao X et al in 201423  compared the efficacy of smear layer removal of four 
different irrigation techniques combined with 60 °C 3% sodium hypochlorite and 
17% EDTA.  The irrigation techniques used were endovac, navitip FX, ultrasonic 
activation, conventional and control where no activation was done. They effectively 
concluded that even without any activation, the irrigant combination of sodium 
hypochlorite at 60°C at a concentration of 3% and 17% EDTA could remove the 
smear layer effectively. This was similar to results achieved with NaviTip FX or 
EndoActivator. These three protocols were more effective than ultrasonic activation. 
Regardless of different types of irrigation technique followed, complete removal of 
the smear layer in the canals was not achieved, particularly more so in the apical 
third. 
Kalluru R S et al in 201427 evaluated the microhardness of four different 
irrigating solutions 17% EDTA, 17% EDTAC, 5% Sodium hypochlorite and MTAD 
in a in-vitro setting. They concluded that the chelating irrigation solutions drastically 
reduced the microhardness of the radicular dentinal structure and could have other 
potential side effects. Sodium hypochlorite and MTAD did not have significant 
alterations on the root dentin microhardness and hence have recommended their use 
as irrigants. 
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Kirchhoff A L et al in 201431 in a invitro study evaluated the smear removal 
ability of apple vinegar when used as a final rinse solution. 5% maleic acid, 5% 
acetic acid, 17% EDTA and distilled water were the other irrigants used. 17% 
EDTA was most efficient at smear removal in the apical third and was statistically 
significant when compared to other solutions. Apple vinegar, maleic acid, and acetic 
acid were similar in their action. Based on the study the authors recommend the use 
of 17% EDTA as a final rinse solution for efficient smear removal. 
Phytic acid as an alternative root canal chelating agent was investigated by 
Nassar M et al in 201445. They tried it as a final rinse irrigant on the surface of 
instrumented root canals. Ethylenediaminetetraacetic acid(EDTA) was used as a 
control irrigant. They concluded that Inositol Hexaphosphate (IP6 ) was effective as 
a chelating agent when compared to EDTA. 
Poudyal et al in 201449 completed this study it was aimed to evaluate the 
effectiveness of solution form of 17% ethylenediaminetetraacetic acid (EDTA) on 
radicular smear removal at different exposure times and to provide scientific basis 
for EDTA as a irrigant of choice in clinical practice. At 3 and 5 min of application, 
partial removal of smear layer was observed and at 1 min negligible removal of 
smear layer was achieved. It was concluded that combined irrigation with 17% 
EDTA and 2.5% NaOCl could remove the smear layer with no significant alteration 
in the structure of dentin when the chelating agent (EDTA)was applied for a 
duration of 7 min.  
Richa Wadhwan et al in 201443 reviewed traditional and new root canal 
irrigants used in endodontics. They evaluated the desirable properties, ideal 
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requirements and benefits of the root canal irrigants. They observe that none of the 
irrigants satisfy the requirements of the ideal root canal irrigant completely. They 
suggest that the newer irrigants could be used as adjuncts to the traditional ones. 
They have also suggested a role for herbal irrigant preparations and highlighted the 
role of triphala. They also discuss the role of a solvent dimethyl sulfoxide which is 
safe, highly polar and aprotic which helps in bringing out the properties of all the 
herbs dissolved by them.They highlighted the role of triphala on E.Faecalis biofilms. 
Triphala in addition to its beneficial physiologic effects has radical scavenging and 
anti-inflammatory action. 
Shaheen V et al in 201459  the role of irrigants used in endodontics and 
observed that there is no single irrigant which possesses all the requisites of a 
irrigant solution and they have to be used in sequence with the aim to achieve the 
goals. 
Zand et al in 201478 in a invitro study using scanning electron microscope 
analysed a experimental solution for root canal irrigation. The experimental 
solutions contained two different concentrations of papain, Tween 80, 2% 
chlorhexidine and EDTA. They were evaluated in their ability to remove the smear 
layer effectively. Within the limitations of the present study, combination of 1% 
papain, EDTA, 2% chlorhexidine and Tween 80 can be used effectively to remove 
smear layer from canal walls. 
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ARMAMENTARIUM 
Collection of teeth 
1. Thymol solution  1% (Alpha Chemicals, Maharastra, India ) 
2. Normal saline (Nirlife Health Care, Nirma Products, India) 
3. Labelled glass collection bottles 
4. SS Tissue forceps ( Medium & Small ) 
5. Sealed Glass bottles with vents(Lascco products ,India) 
6. Disposable Gloves 
Selection & Sample Preparation  
1. Magnification loupe with illumination ( Zhangfei Pvt Ltd,china ) 
2. Diamond disc (AXIS, SYBRON ENDO, Kevakerr group, Denaher USA) 
3. Radiovisuography Unit - (Kodak ) 
4. Radiography Unit (Satelec X- Mind Ac / Dc radiography unit, Italy) 
5. Polyvinyl siloxane (AQUASIL, DENTSPLY ) 
6. Endodontic probe - DG-16  (Hue Friedy Ex) 
7. Modelling wax (Hiflex PRODENT, Ratnagiri , India)  
8. Spirit lamp  
9. Stainless steel  Wax carvers 
10. Marker pens fine and Bold ( Red, Green and Blue Camlin, India) 
11. Small Transparent plastic bottles 
12. Mc.Intosh Sheet 
13. Marking pencil 
14. Labelled Sample Storage boxes (plastic) 
  
   Materials and Methods 
 
 
31 
Root canal preparation 
1. Size 20,25,30,35 K files and Reamers-25mm length (Mani INC, JAPAN) 
2. 5cc,10cc syringe with leur-lock needle (Dispovan, Hindustan Syringes and 
Medical Devices Ltd, Faridabad, India)  
3. 30 gauge Max-I-Probe needle (Dentsply RINN, USA) 
4. 5ml, 10ml syringe unilock (Hindustan Syringes and Medical Devices Ltd, 
Faridabad, India)  
5. Endo block (Dentsply Maillefer, Ballaigues, Switzerland) 
6. Protaper Rotary files ( 21mm- SX,S1,S2,F1,F2,F3 ) (Dentsply Maillefer, 
Ballaigues, Switzerland) 
7. Endomotor  unit (X-smart with 1:16 reduction hand piece- Dentsply 
Maillefer, Ballaigues, Switzerland) 
8. Ultrasonic unit- (EMS) 
9. Gutta percha points F3,  (Dentsply Maillefer, Ballaigues, Switzerland) 
10. Endosonic tips with adaptor (EMS) 
11. Stainless steel trolley  
12. Stainless Steel  tray 
13. Illuminaton light 
14. Disposable gloves and Goggles 
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Irrigating solutions 
1. Normal saline (Nirlife Health Care, Nirma Products, India) 
2. 17% EDTA solution (Pulpdent corporation, USA ) 
3. 5%, 10%,  17%,   Phytic acid solution (TCI chemicals Pvt Ltd,Japan) 
4. 5%, 10%, 17%,  Citric acid Solution (Merck chemicals Pvt Ltd,India) 
5. 5% Sodium Hypochlorite solution (Nice chemicals Pvt Ltd, India) 
6. Sterile Distilled water ((Super amp, Fluance, India.) 
Sectioning of samples 
1. Stainless steel tray 
2. Diamond disc(Axis, Sybron Endo, Kavakerr Group, Danaher USA) 
3. High speed  motor (KaVo Dental ,Charlotte, NC) 
4. 0.5 inch Stainless Steel bi-beveled chisel (GDC, Punjab, India) 
5. Stainless steel mallet 
6. Storage containers for sectioned samples 
Preparation for SEM analysis  
1. Small glass bottles 
2. Custom made sample mount block for distance marking . 
3. Sterile self sealing pouches (AK Product; West Bengal; India)  
4. Ultraviolet light chamber (Apex Industrial Electronics, Haryana, India) 
5.  Isopropyl alcohol (Nice chemicals pvt Ltd India) 
6. Airtight containers  
7. Silica gel crystals. 
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Scanning electron microscopic analysis  
1.  Scanning Electron Microscope  (EDAX, Ametek Ltd, USA) 
2.  Gold Sputter coating machine(CRESSINGTON-108, Auto fine coater, UK) 
3.  Carbon tape (SPI Supplies, PA, USA ) 
4.  Storage media 
5. Data recording media   
6. Observation sheets 
7. Storage boxes 
Image analysis 
1. Dell and Sony VIAO computing systems 
2. Image analysis software (EDS software). 
3. Adobe Photoshop (CS3Extended) 
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MATERIALS AND METHODS 
1. Collection of teeth: 
One hundred and forty seven extracted human permanent maxillary incisors 
and canines were collected and stored in isotonic saline solution for a maximum of 
72 hours. Infection control protocols as per OSHA and CDC guideline regulations 
in collecting, storing, handling  and sterilization  of teeth were followed. 
2. Selection of samples: 
Teeth devoid of cracks, fractures, caries, restorations, previous endodontic 
treatment were separated. The teeth with mature and intact root apices were selected 
and subsequently analyzed using digital radiographic methods for calcifications, 
resorption and other irregularities. Only teeth with patent and straight canals were 
selected for the purpose of the study. The teeth thus selected were then stored in 
normal saline solution at 4°C until further use. A total of eighty teeth were selected 
for the purpose of the study.  
3. Standardization of samples 
The canal length was ascertained by passively inserting a size 10K file into 
the canal until the tip was visualized at the apical foramen using a magnifying loupe 
and was adjusted to the apical foramen. The actual canal length was then measured 
and working length calculated by subtracting 0.5mm from this distance. 
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4. Preparation of the Sample 
The selected samples were standardised by decoronating them at a 
distance of 15mm from the apical foramen (working length) by sectioning with 
a water cooled diamond disc. The sectioned teeth were then rinsed with distilled 
water and stored in normal saline at 4ºC for further processing. The teeth were 
then dried, coded and modelling wax was applied at the apical third of the root. 
They were then placed in a transparent small plastic container into which a soft 
poly-vinyl siloxane impression material had been placed. The aim was to 
prevent the irrigants from extruding the apex in order to simulate in-vivo closed 
apex conditions. The samples were then randomly divided into two control 
groups (n=5) and six experimental groups (n=12).  
5. Root Canal Preparation Technique  
The initiation of instrumentation was done with hand files (Mani INC, 
JAPAN) up to size 20 followed by protaper rotary files from size Sx-F3. 
Subsequently the apical size was enlarged manually by using a hand instrument of 
size 35 .02%. The root canals of the samples were prepared using Protaper rotary 
instruments (Dentsply Maillefer, Ballaigues, Switzerland) with X-smart 
endomotor (Dentsply Maillefer, Ballaigues, Switzerland) with a 1:16 speed 
reduction handpiece as per the manufacturer instructions. The irrigant was 
delivered using a 30- gauge side vent MAX-I-PROBE needle (Dentsply RINN, 
USA) at the working length. 1ml of the irrigant was used for canal irrigation after 
using each instrument and before proceeding to the next. A total of 8ml of the 
irrigant was used during the process of preparation of the canal. 
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6. Final Rinse of Samples  
Subsequent to the protaper canal preparation, the samples were irrigated 
with a final rinse of 5ml of the irrigant as per the respective group. The irrigant was 
delivered using a 30- gauge side vent max-i-probe needle (Dentsply RINN, USA) 
for duration of three minutes. During the first minute delivery of the irrigant, the 
needle was withdrawn to 5mm inserted back to working length followed by rotation 
of the needle by 180° three times alternatively. During the second minute a F3 size 
gutta percha cone (Dentsply Maillefer, Ballaigues, Switzerland) was inserted to 
working length and withdrawn three times (Manual Dynamic Activation) to 
improve the irrigant delivery and replacement to the apical third of the root canal 
system. The remaining irrigant was delivered in the third minute. Subsequently a 
post-final rinse irrigation of 10ml of distilled water was done to flush out the 
remaining final rinse irrigant from within the canal. 
7. Preparation of samples for SEM analysis  
The prepared teeth were extracted from the poly-vinyl siloxane base and  
were covered with cotton wool at the orifice and subsequently grooved 
longitudinally from the cervical to the apex on the external surface in a bucco-
lingual plane with a diamond disc carefully without penetrating the canal lumen. 
The teeth were then split longitudinally in a bucco-lingual plane splitting them into 
two halves using a chisel and a mallet. For each sample the split half containing the 
most visible part of the apex was selected, coded and stored.  
The teeth were then placed in neutral buffered formalin solution (10%) at 
18°C for 24 hours. They were then post fixed in Osmium Tetroxide (1%w/v) for 
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two hours and then subsequently dehydrated in graded solutions of Isopropyl 
alcohol (Nice chemicals, India). 
The teeth were then placed in a filter paper for 24 hours, separation 
markings of 5mm made for the apical, middle and coronal thirds of the split half of 
the root using a custom made former. The split samples were then irradiated with 
UV light in a UV light sterilization chamber and stored in sealed sterile pouches. 
Each group was processed and stored separately for further analysis. 
8. SEM Examination: 
The coded samples of each study group were mounted on to aluminium 
stubs with carbon tape (SPI Supplies, PA, USA) with the entire root canal surface 
visible and facing upwards. Each of the specimens was coated with a 20-30nm thin 
layer of gold in a gold sputter coating machine (JFC-1600, Auto fine coater, Japan). 
The samples were then examined using a scanning electron microscope (JEOL, 
JSM-6390, Japan). The SEM photo micrographs were obtained at X2000 
magnification using digital image analysis software and stored appropriately for 
subsequent analysis. The most representative micrographs were taken for each 
millimetre of the specimen.  
9. Analysis of photomicrographs 
The photomicrographs were analyzed after coding based on the 
representative groups in a blind manner by two independent investigators for the 
presence of smear layer, debris and erosion in the apical thirds of each specimen.  
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The smear layer was analyzed using the following criteria (Caron et al 2010). 
Score 1: No smear layer and dentinal tubules open.  
Score 2: Small amounts of scattered smear layers and dentinal tubules open. 
Score 3: Thin smear layer and dentinal tubules partly open. (Crescent shaped) 
Score 4: Thick smear layer with partial covering of dentinal tubules.  
Score 5: Total covering with thick smear layer.  
The presence of debris was analyzed using the following criteria 
(Dadresenfar et al in 2011) 
Score 1: Clean canal wall, few debris particles.  
Score 2: Few conglomerations.  
Score 3: Many conglomerations less than 50% of canal wall. 
Score 4: More than 50% of canal wall with conglomerations. 
Score 5: Complete or near complete covering of canal wall by debris. 
The presence of erosion was analyzed by using the following criteria 
(Torabinejad et al in 2003) 
Score 1: No erosion (All tubules normal in appearances) 
Score 2: Moderate erosion (Peritubular dentin eroded) 
Score 3: Severe erosion (Intertubular dentin destroyed and tubules connected to 
each other)  
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10. Tabulation of result and statistical analysis  
The results which were scored by the independent operators were compared 
and tabulated for their respective score values of smear layer, debris and erosion in 
the apical, middle and coronal thirds of the root. The results were then statistically 
analyzed.  
 
  
IRRIGANT GROUP 
CONTROL GROUP EXPERIMENTAL GROUP 
Group I Group II 
Phytic Acid Groups Citric Acid Groups 
Group 
III 
Group 
IV 
Group 
V 
Group 
VI 
Group 
VII 
Group 
VIII 
  
TABLE 1 : IRRIGANT GROUPING 
GROUPS (n= 5-8) INITIAL RINSE FINAL RINSE 
I - Negative Control (n=5) Normal Saline Normal Saline 
II – Positive Control (n=5) 5% NaOCl  17% EDTA 
III 5% NaOCl 5%  Phytic Acid 
IV 5% NaOCl 10%  Phytic Acid 
V 5% NaOCl 17%  Phytic Acid 
VI 5% NaOCl 5%  Citric Acid 
VII 5% NaOCl 10%  Citric Acid 
VIII 5% NaOCl 17%  Citric Acid 
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TABLE: 2 AVERAGE SMEAR SCORES 
 
CHART: 1 
GROUP APICAL MIDDLE CORONAL 
I 5 5 5 
II 1.7 1 1 
III             2.8 1.6 1.09 
IV 1.2 1 1 
V 2.2 1 1 
VI 3.0 2.0 1.3 
VII 3.7 1.6 1.3 
VIII 2.7 1.4 1 
MEAN 2.7875 1.825 1.58625 
STANDARD 
DEVIATION 
1.18495 1.33283 1.38557 
 41 
 
TABLE: 3 AVERAGE DEBRIS SCORES 
 
CHART: 2 
 
GROUP APICAL MIDDLE CORONAL 
I 4.6 4.6 4.2 
II 1.5 1.0 1.0 
III 2.0 1.5 1.5 
IV 1.5 1.4 1.0 
V 2.0 1.5 1.0 
VI 2 1.0 1.0 
VII 1.8 1.0 1.0 
VIII 2.0 1.25 1.0 
MEAN 2.175 1.65625 1.4625 
STANDARD 
DEVIATION 
1.00392 1.20932 1.11987 
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TABLE: 4 AVERAGE EROSION SCORES 
 
CHART: 3  
 
GROUP APICAL MIDDLE CORONAL 
I 1.0 1.0 1 
II 3.0 2.5 2.5 
III 1.0 1.8 2.25 
IV 2.7 2.5 2.7 
V 2.0 2.5 2.7 
VI 2.5 2.8 2.5 
VII 3.0 2.5 3.0 
VIII 2.0 2.3 2.5 
MEAN 2.15 2.2375 2.39375 
STANDARD 
DEVIATION 
0.80711 0.57554 0.60382 
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TABLE: 5 MEAN SCORES 
MEAN VALUES APICAL MIDDLE CORONAL 
Smear 2.7875 1.825 1.58625 
Debris 2.175 1.65625 1.4625 
Erosion 2.1500 2.2375 2.39375 
 
 
CHART: 4 
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TABLE: 6 MEAN SCORES OVERALL 
 
CHART: 5 
 
GROUP SMEAR DEBRIS EROSION 
I 5 4.46 1 
II 1.23 1.16 2.67 
III 1.83 1.67 1.68 
IV 1.06 1.3 2.63 
V 1.4 1.5 2.4 
VI 2.1 1.33 2.6 
VII 2.2 1.26 2.833 
VIII 1.7 1.41 2.26 
 2.065 1.76125 2.25913 
 1.25195 1.1016 0.6202 
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TABLE 7 : STATISTICAL COMPARISON BETWEEN GROUPS FOR SMEAR 
NO GROUPS COMPARED t
 
–VALUE p-VALUE SIGNIFICANCE 
1 II , V ,VIII 0.351 0.717 Not Significant 
2 IV, VII 1.495 0.209 Not Significant 
3 I , II 16.143 0.00 Significant 
4 III , VI 0.382 0.722 Not Significant 
 
Analysis & Interpretations: 
Comparison of different groups: 
i. Student’s “t” test for two independent groups is used to compare the significance of difference between two groups at 5% level of 
significance. 
ii. ANOVA (Analysis of Variance) is used to compare the significance of difference between more than two groups at 5% level of 
significance. 
iii. If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. Also if “p” value is less than 0.05, then we have to conclude that there is a significant difference between the two 
groups considered with regard to mean. 
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TABLE 8 : STATISTICAL COMPARISON BETWEEN GROUPS FOR DEBRIS  
NO GROUPS COMPARED t
 
-VALUE p-VALUE SIGNIFICANCE 
1 II , V ,VIII 0.448 0.659 Not significant 
2 IV, VII 0.091 0.932 Not significant 
3 I , II 15.461 0.00 Significant 
4 III , VI 1.272 0.27 Not significant 
 
Analysis & Interpretations: 
Comparison of different groups: 
i) Student’s “t” test for two independent groups is used to compare the significance of difference between two groups at 5% level of 
significance. 
ii) ANOVA  (Analysis of Variance)  is used to compare the significance of difference between more than two groups at 5% level of 
significance. 
iii) If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. Also if “p” value is less than 0.05, then we have to conclude that there is a significant difference between the two 
groups considered with regard to mean. 
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TABLE 9: STATISTICAL COMPARISON BETWEEN GROUPS FOR EROSION 
NO GROUPS COMPARED t
 
–VALUE p – VALUE SIGNIFICANCE 
1 II, V,VIII 1.029 0.413 Not significant 
2 IV, VII 0.186 0.862 Not significant 
3 I, II 10.000 0.001 Significant 
4 III, VI 2.754 0.051 Not significant 
 
Analysis & Interpretations: 
Comparison of different groups: 
i) Student’s  “t” test for two independent groups is used to compare the significance of difference between two groups at 5% level of 
significance. 
ii) ANOVA (Analysis of Variance)  is used to compare the significance of difference between more than two groups at 5% level of 
significance. 
iii) If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. Also if “p” value is less than 0.05, then we have to conclude that there is a significant difference between the two 
groups considered with regard to mean.   
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 Elimination of micro-organisms from the root canal system can be 
predictably achieved with the use of appropriate irrigating solutions and anti-
microbial agents in addition to mechanical canal preparation procedures. The 
mechanical preparation procedures result in the formation of a layer of smear on the 
canal walls. Eick et al in 197018 was the first to report smear layer, which was made 
possible by a technical tool, the electron microscope with the scanning electron 
microscope attachment which opened up an array of investigative pathways. They 
cut cavities on tooth structure, researched the smear layer and showed that it was 
made up of particles of size ranging from 0.5-1.5 micrometers. 
 A layer of organic and inorganic material which contains microorganisms 
and their byproducts is formed over the surface of the radicular dentin as a result of 
the instrumentation. This was made up of small particles of mineralized collagen 
matrix and spread over the radicular dentinal surface. It is aptly known as the smear 
layer. The smear layer produced during a cavity preparation procedure and that 
during the bio-mechanical preparation during root canal therapy may not be directly 
comparable on a one to one basis, as the preparation tools and procedures and 
protocols followed are very much different. The radicular dentinal tubules also show 
a lot more variations, especially in the apical one-third of the root canals with the 
additional presence of soft tissue remnants.   
 McComb and Smith in 197539 were the first to describe smear layer formed 
on instrumented radicular canal surfaces. They found that this layer consists of 
remnants of cut radicular dentin as in the coronal smear. It also had remnants of 
odontoblastic processes, pulpal remnants, necrotic debris and microorganisms. The 
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thickness of the smear layer has been investigated and reported to be in the range of 
1-2µm (Mader et al 198435). The smear composition may vary depending on the 
nature of radicular dentinal structure, the type and sharpness of the cutting 
instruments. During early stages of instrumentation the radicular smear layer can 
have a relatively high organic content. This is as a result of either necrotic or viable 
pulp tissue present in the root canal space. (Cameron et al in 198811). 
 The hand preparation of the root canal produces less volume of smear during 
the bio-mechanical preparation procedure when compared to a motorized 
preparation. (Czontkowsky et al in 199015). The current trend of routinely using 
rotary instruments to prepare root canals results in more effective cutting and hence  
results in generation of more volume of smear in all the thirds of the root canal. 
They also tend to send the components of the smear into the dentinal tubules for 
varying distances. 
 The available literature indicates that the rotary endodontic instrumentation 
systems, in most cases create a thicker smear layer than manual instrumentation 
procedures. Smear layer has been reported as consisting of two distinct components, 
the superficial and the deeper layer which is packed into the dentinal tubules for 
varying depths ranging from 40 to 110 micrometers. Various mechanisms have been 
proposed for the penetration of the components of smear into the tubular structure. 
The forceful cutting action of the rotary tools, capillary action in dentinal tubules 
pulling the smear material as a result of adhesive forces (capillary action 
hypothesis) possibly explain the tubular packing phenomenon. Surface active agents 
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when used increase the depth of penetration of the components of smear into 
dentinal tubules (Aktener et al in 1989)3. 
 It has been shown that smear layer removal alters the diffusion permeability 
of the radicular dentin contrary to the thought that the removal of smear layer opens 
up the dentinal tubules and would thereby increase dentin permeability (Galvan et 
al in 199421). There was a gradual increase in permeability over a period of two 
months. They postulated that probably the study protocols created precipitates deep 
within the tubules which reduced permeability initially but as time progressed they 
dissolved, leading to the increase in permeability.  There is a possibility that various 
materials and medicaments which are kept within the root canal space, can penetrate 
and pass through the dentinal tubules to the periodontium and can affect the 
periodontal status of the tooth. The diffusion of the medicament into the tubules 
depends on the diffusion properties of the medicament also. 
 A non-instrumentation hydrodynamic technique was described by Lussi et al 
in 199334 and a hydrodynamic disinfection technique by Ruddle CJ in 200754 in 
which sonically driven polymer instruments with tips of variable diameter have been 
proposed as techniques for canal preparation . Though smear layer was first reported 
almost three decades back, there has been a lot of debate and discussion on whether 
to remove or to retain the smear. Different authors have put forward alternate 
concepts. The concept of a root canal preparation without the removal of a smear 
layer has also been visualized. 
 Some researchers believe that the smear layer must be completely removed 
from the radicular dentinal surface as it can harbor debris, microorganisms, obstruct 
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effective disinfection of the dentinal tubules and act as a barrier between the 
obturating materials and the canal wall, affecting the long term seal of the 
restoration. Some researchers in contrast have suggested that retaining the smear 
layer is advantageous and that it seals the radicular dentinal tubules limiting the 
penetration of microorganisms and their byproducts into the tubular dentinal 
structure by altering dentin permeability. A mid pathway concept of smear layer 
modification in a way that it becomes completely resistant to dissolution or 
disintegration has been put forward which  results in complete and permanent 
sealing of the radicular dentinal tubules. Permanent alteration of smear layer  has 
been observed when the root canal is treated with Titanium tetra fluoride resulting in 
a massive and definitive surface coating which occludes the tubules regardless of the 
presence or absence of the smear layer (Sen and Buyukylimaz in 199858).The 
smeared surfaces showed a thicker coating of 1-5µm than the unsmeared surfaces 
when treated with titanium tetra fluoride and commonly used root canal irrigants 
were not able to remove or reduce the thickness of this surface coating. 
 One of the principle factors affecting the prognosis of root canal therapy is 
the failure to obtain a hermetic three dimensional seal of the root canal space. 
Shahravan et al in 200762 in their systematic review and meta analysis of the layer 
of smear observed that the removal of smear layer significantly improves the apical 
seal and coronal seal of the obturated root canal space and is independent of the type 
of obturation, site of leakage, the sealer type, the type of dye used for testing and the 
duration of the test. 
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 A number of reasons have been hypothesized to support the idea of removal 
of smear layer from the root canal system before the obturation process. They are:.  
1. Unpredictable diameter and volume of root canal system 
2. Smear can possibly act as substrate for micro-organisms  
3. Presence of necrotic tissue and remnants within the smear.  
4. Poorly adherent to dentinal surface resulting in microleakage. 
5. Affects bond between the root canal sealer and the radicular dentinal          
surface.  
6. The presence of microbial organisms 
7. Blocks the effective penetration of irrigants and intracanal medicaments into the 
dentinal tubules.  
 There are other investigators who recommend that the smear layer should not 
be removed based their arguments on  the  understanding that: 
1. Prevents inward or outward movement of microorganisms or other  
 irritants and toxins locking them. 
2. The smear effectively blocks the dentinal tubular structure 
3. It can suitably be modified to be a more permanent and dissolution resistant 
coating on the radicular dentinal surface. 
In this study Group II 17% EDTA and Group IV 10% phytic acid  presented 
the least amounts of smear among all groups at the apical, middle and coronal thirds 
respectively [Table:2 Chart:1]. The Group V 17% Phytic acid also was very 
effective and was as efficient when compared to groups II and IV at the coronal and 
middle thirds. At the apical third it was less effective than the group IV. On 
statistical comparison and analysis there was no significant difference between the 
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groups II & IV (p > 0.05).The citric acid groups were fairly efficient at removal of 
smear at the middle and coronal thirds but were not efficient at the apical thirds of 
the root. The present study was done in straight canals and more difficult and 
challenging conditions would be present in posterior teeth which have smaller canals 
and curvature at the apical third of the canals.In the present study on comparison of 
the groups II, V, and VIII there was no significant difference between the groups (p 
> 0.05) [Table 2 Chart 1] 
 Different methodologies and techniques have been advocated for efficient 
removal of smear layer from the root canal. Irrigant solutions have played a pivotal 
role in the process. Various irrigating solutions have been experimented for effective 
cleansing of the canal. They have been used sequentially, or have had components 
added to increase their efficacy. Lasers, Chemical, ultrasonics, pressure alternation 
devices and more recently sonic techniques have been used in conjunction with 
specific irrigant protocols. These irrigant solutions should ideally be able to remove 
both the organic components of the smear layer and most of the inorganic 
components. No single irrigant solution complies with all the above mentioned 
requirements and therefore multiple irrigant combinations and techniques have been 
advocated for effective removal of smear layer. Kaufmann & greensberg in 198629 
put forward the concept of a working solution and an irrigant solution, where the 
working solution was the one which was first used to clean the canal and the irrigant 
solution was the one which was essential to remove the debris and smear layer. 
Numerous investigations have revealed the fact that proportionally large areas of the 
canal wall in the main root canal remain untouched by the instrumentation 
procedures and chemical means of cleansing, debriding and disinfecting the canals 
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remains a very important part of the bio-mechanical preparation procedure. Canal 
isthumuses, transverse anastamoses, fins, presence of lateral canals and apical deltas 
present the most difficulties in effective cleansing of the canal system. 
 Sodium hypochlorite has excellent tissue solvent action and is very effective 
against the organic component of the smear layer which increases with rise in 
temperature up to 60ºc but its ability to remove smear layer from instrumented canal 
walls has been found lacking. Chlorine dioxide (ClO2) is similar to sodium 
hypochlorite and was found to be as efficient in organic tissue dissolution. Chlorine 
dioxide produces little or no trihalomethanes when compared to sodium 
hypochlorite. Trihalomethane is an animal carcinogen and a suspected human 
carcinogen. Chlorine dioxide therefore might be a better alternative for use as an 
irrigant, than sodium hypochlorite as stated by Levesque et al in 2002.  
 Poly acrylic acid has also been found to be very effective in concentrations 
of 10-40%. An exposure time of not more than 30 seconds was recommended as it is 
highly potent as stated by New Berry et al in 1987 (M Torabinejad 200370). 
Peroxides as irrigant solutions were more effective in debris removal and posed 
potential risks and hazards when inadvertently extruded from the apical foramen 
even in small quantities. Irrigant solutions with antibacterial properties and 
substantivity through adherence to radicular dentin have been tried lately and have 
been found to be very effective and useful.  A 7% Maleic acid solution which is 
used as a conditioner in adhesive dentistry has been found to be very effective in 
removal of smear layer. 
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 The ability to chelate has certain distinct advantages and was used for the 
negotiation and enlargement of blocked and narrow canals. The have been used as 
irrigants to remove the inorganic portion of the smear layer. Various chelating 
agents like ethylenediaminetetraacetic acid, citric acid, etidronate, chitosan and 
doxycycline have been used. 
 Chelating agents have been long tried as root canal irrigants, of which EDTA 
(Ethylene Diamine Tetra Acetic acid) being the most popular in the concentration of 
17%. They effectively remove the inorganic component of the smear and radicular 
dentin surface by a process of chelation. Further surfactants and peroxides have been 
added to EDTA to improve the efficacy of removal of debris and smear. Surfactants 
reduce surface tension and help EDTA to effectively penetrate the tubules of 
radicular dentin. Liquid form has been the most effective at smear layer removal. 
Combinations of EDTA and Cetavlon, EGTA (Ethylene Glycol Tetra Acetic acid), 
REDTA, have also been tried. A 2%EDTA and a surface active antibacterial agent 
BDA (Bis Dequalinium Acetate) was found to be very effective with minimal 
erosion of peritubular and intertubular dentin. 
 Tetracycline hydrochloride and Doxycycline in addition to their antibacterial 
properties, have, at low pH values, an ability to act as calcium chelators and cause 
enamel and root surface demineralization. Doxycycline in a concentration of 
100mg/ml was effective in removing smear layer from the surface of the 
instrumented canals and also speculated to remain within the tubules for a period of 
time providing a reservoir of anti-bacterial agent due to it’s property of  
substantivity. (Bjorvatn in 1982)6.  
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 Inositol Hexaphosphate (IP6) also known as phytic acid is a naturally 
occurring compound first identified in 1855. It is found in nuts, seeds, legumes and 
cereals and is the primary energy source during germination. The phosphorylated 
forms are available in mammalian cells and helps in a variety of functions at a 
cellular level.It exerts its anti-oxidant action by chelation of divalent ions such as 
iron (Fe) and copper (Cu) preventing generation of reactive  oxygen species which is 
primarily responsible for causing carcinogenic change and cell injury. The anti-
cancerous effect has been proved in a number of in-vitro studies on cancer cells and 
is being now reaided for clinical trials. Animal studies have shown that IP6 is safe 
and without side effects even in high doses and when administered long term. It has 
a extremely high affinity for binding with minerals the use as a chelating agent in 
endodontics has been considered and preliminary studies have been done. The 
reaction with sodium hypochlorite is not exothermic and does not affect the 
bleaching action of the hypochlorite. Magnesium alloy which has been used in 
implants has been subjected   to surface treatments with a view to improve the 
corrosion resistance in a physiologic environment. This chemical IP6 has also been 
used as surface coatings for the magnesium alloy to improve the bio-compatibility 
and corrosion resistance which has found a role in implants. In this study a 
concentration of 5%, 10% and 17% phytic acid was used as a irrigant solution in 
conjunction with sodium hypochlorite, and its efficacy compared with that of EDTA 
and citric acid at similar concentrations.Investigators tried out new methodologies 
and realized that combinations of irrigants were the most effective at smear layer 
removal, as per the concept of a working solution and an irrigant solution put 
forward by Kaufmann and Greensberg in 198629. The sequential use of sodium 
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hypochlorite and the chelating agent ethylenediaminotetraacetic acid (EDTA) was 
found to be particularly effective at smear layer and debris removal.  
 As there was no single solution which could dissolve the organic tissues and 
demineralize the inorganic layer, the sequential use of organic and inorganic 
solvents for removal of smear was advocated (Baumgartner in 19845). A 5% 
sodium hypochlorite solution and 17% EDTA solution were found to be the most 
effective in combination. Etidronic acid (HEBP:1-Hydroxyethylidene-1,1-
bisphosphonate) does not react with sodium hypochlorite in short term and is a 
potential alternative to EDTA or citric acid and is non-toxic. The chemo-mechanical 
action of sodium hypochlorite removes the loosely attached debris and organic 
material while chelating action of EDTA effectively removes the inorganic part of 
the smear layer. Various combinations of sodium hypochlorite and other chelating 
agents have been tried. 
 Removal of vital pulp and necrotic remnants, microbes, their by-products, 
smear and debris is essential for successful outcomes of therapy. The rotary 
instruments act primarily in the central body of the canal leaving isthumi, cul-de 
sacs untouched and under prepared after the completion of the preparation. These 
areas are not sufficiently cleansed, serve as a reservoir for microbial growth and 
impair the hermetic seal of the obturating material. The selection and the role of the 
irrigant is of utmost importance in cleaning in these areas. Addition of surfactants, 
increasing irrigant temperature, volume, and activation has been advocated to 
improve irrigant efficacy. The use of two different irrigants in a sequence is 
commonly followed to overcome the short comings associated with the use of a 
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single irrigant. The irrigant solution must be brought into close contact with the 
entire canal wall for a sufficient period of time, to be effective. An important 
parameter is mode of irrigant delivery and of date various methods have been 
attempted. This study used a side vented needle with the vent at 1mm from the tip in 
a customized irrigant protocol. Computational dynamic fluid flow has demonstrated 
the limitations of a side vent needle on irrigant replacement and suitable 
modifications were made in this study to enhance irrigant replacement in a 
customized conventional irrigation protocol. The volume of the irrigant also plays a 
crucial role and in this study a volume of 8ml during the initial rinse and 5ml during 
the final rinse was delivered. The duration of the exposure of the final rinse is 
important as providing sufficient time enhances irrigant efficacy. 
 Vapor lock effect is as a result of the reaction of the irrigant with smear and 
debris, releasing bubbles, forming close ended micro-channels, which take a very 
long time to flood back with the irrigant. A simple method to release the vapor lock 
would be to insert a file or gutta percha roughly the size of the prepared canal to 
working length after instrumentation. Acoustic streaming and cavitation becomes 
impossible and ineffective after a vapor lock has occured. Removal of a vapor lock 
before activation of these systems is necessary in a clinical setting. Passive irrigation 
systems have short comings in delivery of irrigant solutions. Manual dynamic 
activation where a well fitting gutta percha point is placed to the working length and 
moved up and down in 2-3mm strokes, can sufficiently improve the displacement 
and exchange of the irrigant in the apical third of the root canal. This method has 
been found to be very effective. The present study used a manual dynamic activation 
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technique in the second minute of the final irrigation protocol as it effectively 
negates vapor lock effect especially in the narrow apical thirds of the root. 
 The apical third of the root presents challenges with regard to the curvature, 
size of the canal, the taper and diameter, the ramifications, deltas, isthumuses and 
permeability of dentin.  This study adopted a closed ended root canal system. The 
effectiveness of irrigant protocols is dependent on how effectively it can bring the 
irrigant solution in contact with the contents of the root canal space. To further 
improve the efficacy of irrigating solutions various agitation techniques have been 
developed which are either manual or machine assisted systems. 
 Machine activated systems are very popular as they are aggressively 
promoted, which result in a reduced preparation time. Brushes (motorized), plastic 
files, sonic and ultrasonic systems, reciprocating and pressure alternation devices 
have been introduced. But there are no evidence based studies which correlate the 
efficacy of these devices with improved treatment outcomes. 
 Other activation methodologies have been tried to enhance smear, debris and 
microorganisms from within the canal system. Laser can vaporize tissues in the 
main canal, remove microorganisms and eliminate residual tissue in the apical 
portion of the root canals. The main limitations with the laser systems in removal of 
smear layer are the access to the small canal spaces in the apical one-third of the root 
and the relatively large laser probes that are available. Research is on to develop 
thinner probes. Laser activation of the irrigant was found to be effective in smear 
layer removal. Laser activation causes cavitation which is the formation of a vapor 
or a cavity that contains bubbles inside a fluid which expand 1600 times their 
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volume which allows the irrigants to access the apical portion of the canal more 
readily and in addition these bubbles become unstable and collapse what is called as 
an implosion resulting in a shock wave. lasers generate waves which enhances the 
action of the irrigants. laser activation is done via, a fiber tip and this technique of 
irrigant activation appears promising in the apical thirds of the canals with closed 
apices. 
 Ultrasonic activation of sodium hypochlorite aids the removal of smear, 
debris and microbes from within the root canal space. Cavitation and acoustic 
streaming of the irrigant due to ultrasonic activation was found to be beneficial. As 
the concept of final rinse solution gained popularity, enhancing the functionality of 
these solutions was attempted. These solutions were modified to have properties of 
chelation, antimicrobicidal and more penetration into tubules. A number of 
commercial formulations like mtad and tetraclean have been introduced successfully. 
 Certain specially designed file systems which use vibration and continuous 
irrigation have been lately introduced .These are more commonly known as the self-
adjusting file systems which adapt longitudinally to the canal and prepare the canal 
symmetrically and minimize unnecessary buildup of stresses in the dentin which 
later lead to cracks and propagation. The vibrating motion of the file and its delicate 
meshwork has a synergistic effect with the fluid in the canal which is constantly 
replaced and this system has been found to be especially active in the apical one 
third of the curved root canal. 
 New technologies which use vacuum assist to effectively enhance irrrigant 
replacement in the apical third of the teeth and prevent extrusion of the irrigant 
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beyond the apex have been introduced. Elimination of microorganisms from within 
the canal space, which survive in biofilms and within the radicular dentinal tubules 
have been a concern and challenge during root canal therapy. Recurrent infections as 
a result of microbes which survive have necessitated means and mechanisms for 
their elimination from within the canal space. Antibacterial properties of the irrigant 
solutions is an important parameter, and as these microbes survive for long periods 
of time in a dormant state, solutions containing antibacterial components that can 
bind to the dentinal structure and be released over a period of time (substantivity)  
have become popular. The cleansing of the apical third of the canal presents 
challenges due to reduced space due to the narrowing of the canal, less irrigant 
exchange and replacement and also due to the structural and anatomical differences 
inherent to the apical third. Various conditions like attrition, abrasion, occlusal 
trauma, caries etc lead to formation of sclerotic dentin at the apical third. These 
difficulties could be countered by: 
1. Deeper delivery of the irrigant  
2. Deeper placement of the irrigant delivery needle 
3. Sufficient apical enlargement  
4. Eliminating  vapor lock 
5. A four walled access preparation to hold more irrigant 
6. Appropriate irrigant activation technique 
7. Pre operative analysis of the curvature  of the apical third 
8. Adequate taper of the canal preparation 
9. Adequate duration of exposure of the irrigant 
10. Adequate volume of the irrigant solution 
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 In the present study the apical third presented with the most amount of smear 
and debris [ Table 3 Chart 2] when compared to the coronal and middle thirds of the 
root canal space. 
To overcome these above mentioned difficulties, new machine assisted 
systems have been designed, with the aim of achieving apical cleanliness and 
predictability. The sonic and the ultrasonic systems employ the principle of 
activation of the irrigant. The Rins-endo system which is a pressure alternation 
system delivers the irrigation at a flow rate of 6.2ml/min using pressure–suction 
technology for irrigant activation. A mechanical action is generated by the device 
which produces a hydrodynamic change. (Caron et al in 2010)82. 
In this study Group II 17% EDTA and Group VII 10% Citric acid presented 
the least amounts of debris among all groups at the apical middle and coronal thirds 
respectively. Group IV 10% Phytic acid & and Group VI 5% Citric acid were very 
efficient at removal of debris at coronal and middle thirds.[Table:3 Chart:2]. On 
statistical comparison and analysis there was no significant difference between the 
groups II, and VII (p > 0.05). 
 In this study among the experimental groups Group VII 10% Citric acid 
presented the most values for erosion at the apical, middle and coronal thirds 
respectively. Group II 17% EDTA, Group IV 10% Phytic acid  and Group VII 10% 
Citric acid had comparable levels of erosion and all the three levels[Table:4 
Chart:3]. On statistical comparison and analysis there was no significant difference 
between the groups IV and VII (p > 0.05). 
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Based on these observations the use of phytic acid as a chelating agent 
during endodontic irrigation is promising as it was found to be effective at the 
coronal third, middle third and apical third of the root canal and the results are 
comparable to ethylenediaminetetraacetic acid (EDTA) which has been used widely 
as a irrigant solution. Further studies and evaluation in a clinical setting are 
recommended. 
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One hundred and forty seven maxillary incisors and canines were collected 
cleaned and stored in normal saline. They were investigated for the presence of an 
intact root with a patent straight canal free of any irregularities. Subsequently 
selection and standardization of the teeth was done.  
The selected teeth were embedded in polyvinyl siloxane material after 
coding and apices sealed with wax. They were divided into control (n=5) and 
experimental groups (n=8). A total of fifty eight teeth were used for the purpose of 
the study. The root canals were prepared using rotary files (Protaper system) with X-
Smart endomotor with 1:16 reduction hand piece as per the manufacturer 
recommendations. Protocols for irrigant rinse during instrumentation and final rinse 
after instrumentation were implemented.  Phytic acid was evaluated for it’s efficacy 
as a root canal irrigant in various concentrations in the apical, middle and coronal 
thirds of the root canal using a scanning electron microscope. The images were 
recorded, results tabulated and statistically analysed. 
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               On conclusion of the study, on the effect of different irrigation protocols on 
the removal of smear layer, debris and erosion in straight canals using Scanning 
Electron Microscopy, the following conclusions are made: 
• Overall the Group IV presented the least amounts of smear among the 
experimental groups at the apical, middle and coronal one-thirds of the root 
canal with a mean value of 1.06 [Table 6 chart 5].  
• Overall the Group IV presented the least amounts of debris among the 
experimental  groups at the apical, middle and coronal one-thirds of the root 
canal with mean values of 1.3 [Table 6 chart 5]. 
• Overall the Group III presented the least amounts of erosion among 
experimental groups at the apical, middle and coronal one-thirds of the root 
canal with mean values of 1.68 [Table 6 chart 5]. Among the experimental 
groups, Group VII presented with the highest amount of erosion with loss of 
peri-tubular and intertubular dentin at all  levels. 
• Group IV is efficient in removal of smear and debris and on comparison 
with Group II the results were comparable, and no significant difference 
statistically ( p > 0.05 ).   
• Based on the results of this study the use of phytic acid as a final rinse 
irrigant seems promising. Further evaluation in a clinical setting is 
recommended. 
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